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when the wave steepness )/( 00 LH   is within the range of 0.02~0.04. However, the case of wave steepness of 0.04 was not 
conducted, because it went over the capacity limit of the wave maker. Table 1 shows the conditions of the experimental waves. 
The wave gauges were installed parallel to the wave propagation direction at equal intervals, and five gauges were installed 
on the same extension line of each of the upper and lower surfaces of two horizontal plates, for a total of 20 gauges. The first 
gauge was installed 2cm away from the left edge of the plate and with 19cm intervals afterward. The pressure measurements 
were conducted by installing a total of 20 pressure gauges – five gauges each at the upper and lower parts of the upper and 
lower plates – in due order toward the wave propagation direction, as shown in Fig. 3. 
 
   
(a) Front view.                                   (b) Side view. 
Fig. 2 Experimental section for the physical modeling. 
 
Table 1 Experimental wave conditions. 
Condition 
Water 
depth 
Wave 
period 
Wave 
height 
Wave 
length
Shoaling
coefficient
Equivalent 
deep water 
wave height
Deep water 
wave length 
Wave 
steepness 
h (m) T (s) 3/1H (m) L (m) sK  0H  (m) 0L (m) )/( 00 LHs 
Regular 
wave 
Case1 1.08 2.72 0.108 7.98 0.94 0.115 11.54 0.01 
Case2 1.08 2.72 0.217 7.98 0.94 0.231 11.54 0.02 
Case3 1.08 2.72 0.350 7.98 0.94 0.373 11.54 0.03 
Regular 
wave 
Case4 1.08 2.78 0.114 8.19 0.94 0.121 12.06 0.01 
Case5 1.08 2.78 0.227 8.19 0.94 0.241 12.06 0.02 
Case6 1.08 2.78 0.350 8.19 0.94 0.371 12.06 0.03 
Random 
wave 
Case1 1.08 2.72 0.108 7.98 0.94 0.115 11.54 0.01 
Case2 1.08 2.72 0.217 7.98 0.94 0.231 11.54 0.02 
Case3 1.08 2.78 0.114 8.19 0.94 0.121 12.06 0.01 
Case4 1.08 2.78 0.227 8.19 0.94 0.241 12.06 0.02 
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Fig. 3 Vertical five alignments of the twenty pressure gauges. 
 
As shown in Fig. 3, the positive value of the upper gauge means compression but negative one presents drag pressure. 
When the upper part gauge and lower one presents positive values, they mean compression pressure acting on the plate. Rever-
sely that presents drag pressure. 
ANALYSIS OF THE PHASE DIFFERENCES BY MEASURING THE WAVE PRESSURE 
The phase differences may occur according to the time series of the wave pressures because the seaward reverse waves that 
are generated on the horizontal plate disturb the propagating waves. To verify the influence of such disturbance, in this study, 
the phase differences were compared through the time series of the wave pressures that acted on each measurement point. 
In all the cases, it was observed with the naked eyes that the seaward reverse waves increased the water level to the maxi-
mum at the upper part of the p04 point of the P4 series that was located at the lee side of the horizontal plate. This phenomenon 
is considered to be caused by the creation of the reflected waves while they are colliding with the propagating waves, and such 
reflected waves simultaneously affect the phases of the propagating waves. This analysis investigates how the seaward reverse 
waves that retrogress against the wave propagation direction affect the phases of the peak wave pressures. Fig. 4 shows the 
phase differences of the wave pressures that were measured in Case 1 with the regular wave. The subject data were compared at 
the time when they were considered stationary. 
Fig. 4(a) shows that the second group phases at five measurement points presented slower peak pressure phases at point p03 
than at points p04 and p05. Furthermore, the phase at point p04 was faster, even though p05 should be faster in that phase 
because the seaward reverse waves occurred toward the direction opposite that of the propagating waves. This is considered to 
be because the water level at p04 increased due to the repeated waves and streams, and the collisions toward the opposite direc-
tion produced totally contradictory phases that were faster than the propagating waves and the stream orders toward the op-
posite direction. In this study, such phase change was named the “reverse phase.” That is, as the waves were affected by the 
streams, and the streams, by the waves, the phases became faster at points p04, 05 and 03, in that order, among points p03-05. 
However, such reverse phase phenomena were not observed in the lower plate, as shown in Fig. 2(b). Moreover, the collisions 
between the coming waves (the propagating waves) and the seaward reverse water streams made the water level unstable and 
caused a trembling phenomenon. 
Such reverse phase phenomena were observed at p04 or p05 on the upper plate not only in Cases 1, 2 and 3 with the regular 
waves, but also in Cases 1 and 2 with the random waves as shown in Table 2. However, they were not observed on the lower 
plate. Table 2 shows the arrival time of the peak pressure at each point. 
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(a) Upper plate (p01-05). 
 
 
(b) Lower plate (p11-15). 
Fig. 4 Phase differences that were measured at the pressure gauge points  
of p01-05 and p11-15 (in Case 1 with the regular wave). 
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Table 2 Relative phase of arrival time of the pressure crest at each measuring point. 
Condition 
Arrival time to maximum amplitude (in second) 
Upper plate p01 (8310) p02 (8311) p03 (6054) p04 (8305) p05 (6172) 
Lower plate p11 (6051) p12 (8306) p13 (3128) p14 (6053) p15 (8313) 
Regular 
wave 
Case 1 
Upper plate 23.06 23.16 23.64 23.42 23.52 
Lower plate 23.04 23.18 23.26 23.34 23.44 
Case 2 
Upper plate 23.16 23.16 23.24 23.52 23.50 
Lower plate 23.14 23.16 23.36 23.42 23.44 
Case 3 
Upper plate 22.88 22.86 23.00 22.96 22.92 
Lower plate 22.90 22.90 22.92 22.96 23.08 
Regular 
wave 
Case 4 
Upper plate 23.66 23.66 24.14 24.00 24.12 
Lower plate 23.62 23.80 23.88 23.90 24.04 
Case 5 
Upper plate 23.78 23.72 23.84 23.86 23.82 
Lower plate 23.76 23.80 23.76 23.76 23.88 
Case 6 
Upper plate 23.54 23.46 23.80 23.78 23.76 
Lower plate 23.44 23.58 23.64 23.72 23.74 
Random 
wave 
Case 1 
Upper plate 25.14 26.02 25.74 25.60 25.62 
Lower plate 25.14 25.62 25.58 25.56 25.58 
Case 2 
Upper plate 25.7 25.62 25.78 25.78 25.66 
Lower plate 25.54 25.6 25.62 25.64 25.68 
Random 
wave 
Case 3 
Upper plate 24.56 24.7 24.8 24.96 24.64 
Lower plate 24.54 24.6 24.76 24.82 24.92 
Case 4 
Upper plate 25.34 25.36 25.42 25.54 25.52 
Lower plate 25.28 25.38 25.4 25.44 25.48 
CHARACTERISTIC ANALYSIS OF THE WAVE PRESSURE DISTRIBUTION  
The wave pressures act on both sides of the horizontal plate, while the water level rise caused by the reverse wave acts 
mainly towards the gravity direction. The two sides are separated, compared, and analyzed in order to investigate how the wave 
pressures caused by the reverse wave act on the upper and lower plates. Further, the difference between the acting wave pre-
ssures generated by the reverse wave and the maximum momentary wave pressure distributions acting on the entire surface of 
the plate is examined. First, to investigate the difference between the reverse wave loads and the maximum loads acting on the 
horizontal plate, the pressure distributions acting on both upper and lower plates are analyzed when the maximum wave pre-
ssures act on the entire upper plate. Second, the wave pressures acting on the upper and lower plates are analyzed when the 
wave pressures peak to the maximum at the point p04. Finally, to understand whether the load and the increase of the water 
level caused by the reverse wave only acts towards the gravity directions, the wave pressures acting on the upper and lower 
surfaces of horizontal plate are separated. 
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Analysis method 
The analyses were conducted using three different methods, and their results were compared. The first method analyzed the 
wave pressure distribution when the aggregate of five points became the maximum after the upper and lower wave pressures at 
each point of the upper plate were added up. At this point, comparisons were made on the wave pressure distributions on the 
lower plate with those on the upper plate in the same time slots when the wave pressures peaked to the maximum. This can be 
expressed as Eq. (1), which corresponds to the case wherein the total pressure that acted on the upper plate reached the 
maximum among the time series.         
  tftp
tstp
tptptptptptptptptptpt
uppst ppppppppppP

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wherein P  is the wave pressure distribution of the wave width (W ) of 0.8m toward the wave propagation direction on the 
horizontal plate, [ ] is the aggregate of all the elements within the [ ], max( ) is the maximum value of the variables within the
)( , and the bottom subscript i  of an arbitrary pressure gauge ip  is the number of individual pressure gauges, as shown in 
Fig. 3; and *t  is to the time that corresponds to the conditions of the right side of Eq. (1) between the measurement starting 
time st  and the measurement finishing time ft . The bottom subscript st1  stands for the first method; upp, for the upper 
plate; and und, for the lower plate, provided that Eq. (1) is subjected only to the downward force positive (+) values. 
The second method analyzed the wave pressure distributions that acted on the plate at an arbitrary time 04t  when the 
0904 pp   value became the maximum at the pressure gauge p04. Such can be expressed as follows: 
])(,)(,)(,)(,)[(
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wherein, the bottom subscript 2nd refers to the second method, and 042t , to the time when 0904 pp   became the maximum. 
Eqs. (3) and (4) have the maximum negative and positive values, respectively. 
The third and last method analyzed the wave pressure distributions as shown in Eq. (5) in the following, after separating the 
wave pressure data in the Eqs. (3) and (4) by the upper and lower surfaces. 
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wherein, the bottom subscript 3rd means the last method and 


 undunduppupp ,,,  refers to the upper surface of the upper 
plate, the lower surface of the upper plate, the upper surface of the lower plate and the lower surface of the lower plate, 
respectively. Eqs. (3)-(8) refer to the wave pressures that corresponded to the time slot 04
2t  when the maximum wave pressure 
(p04 + p09) acted at the pressure gauge p04. 
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Active characteristics of compression wave pressures and wave drag pressures 
As mentioned in the previous section, each wave pressure acting on the upper and lower surfaces of the upper and lower 
plates according to the Eqs. (5)-(8) showed that the drag forces caused by the reverse wave act on the upper plate as shown in 
Figs. 5-9. Moreover, the drag forces appeared to have acted identically on the lower plate. And, the wave drag pressures that 
acted on the lower plate were found to have been greater than those that acted on the upper plate. Therefore, it must be verified 
if such characteristics occur due to the reverse waves only, because such characteristics can provide important information for 
the selection of the plate material and for the analysis of the material torsions.  
In this study, it was investigated if the compression wave pressures or wave drag pressures affected the plates at other times 
and if the wave drag pressures act identically on the upper and lower plates when the water level caused by the reverse waves 
rises to the maximum. Also, to investigate the characteristics of the wave pressures that act on the horizontal plate according to 
time changes, the characteristics of wave pressure distributions before and after the time when the maximum wave pressures act 
at p04 on the upper plate were examined. To abstract the wave pressure distribution data, the time when the water level reached 
the maximum at p04 was set at 0sec. for the measurements in all Cases, and the data at -1.00 and -0.50sec. before the maximum 
water level was reached were compared and analyzed with the data at 0.50 and 1.00sec. after such time. 
 
      
      (a) -1.00sec. before the max. water level.              (b) -0.50sec. before the max. water level. 
      
       (c) 0.50sec. after the max. water level.                 (d) 1.00sec. after the max. water level. 
Fig. 10 Comparison of the pressure distributions according to the time lag (in Case 2 with the random wave). 
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Fig. 10 shows the wave pressure distributions that appeared on the upper plate in Case 2 with the random waves according 
to the aforementioned times, wherein, ▽ represent the pressure gauges on the upper part of the upper plate; △ the pressure 
gauges on the lower part of the upper plate; and ● the wave pressures (the aggregate of the wave pressures that acted on the 
upper and lower parts) that acted on the upper plate. The comparison of Figs. 10(a) and (b) with (c) and (d) showed that the 
compression wave pressures acted in (a) and (b), and the wave drag pressures in (c) and (d). That is to say, the compression 
wave pressures and the wave drag pressures acted before and after the time when the water level caused by the reverse waves 
reached the maximum at the measuring point p04. Figs. 10(a) and (b) shows that the compression pressures acted as uplift or 
downward forces depending on the relative degree of the compressions that affected the upper and lower surfaces, and that the 
uplift forces that acted at p04 and 05 which corresponded to the lee side of the horizontal plate were relatively greater. However, 
at the times after the water level caused by the reverse waves reached the maximum at p04, the wave drag pressures acted on 
the upper plate as downward forces mostly as shown in Figs. 10(c) and (d). Thus, it was confirmed that the compression wave 
pressures acted on the plate before the time when the water level caused by the reverse waves reached the maximum, and the 
wave drag pressures dominated after such time. Such trend was confirmed as having been observed in all Cases. On the other 
hand, the greater the wave steepness was, the larger the difference in the magnitudes of the uplift and downward forces was in 
the regular waves and the random waves. 
CONCLUSION 
The submerged dual porous horizontal plate has been investigated as a wave dissipator for diminishing the beach erosion. 
The coastal structure of STB was utilized by the horizontal plates. For the design of the STB, to get force information acting on 
plates is an essential process for the plate dimensions. This study conducted model experiment of the pressure measuring and 
analyzed the data. The following conclusions were obtained. 
 
1. The seaward reverse waves created reverse phase phenomena due to the wave pressures that acted on the upper part of the 
dual porous horizontal plate. 
2. The water levels peaked due to the collisions between the seaward reverse waves and the incident waves, and such maximum 
water levels produced the maximum momentary loads. 
3. The seaward reverse waves produced the maximum momentary wave forces that acted on the dual porous horizontal plate 
toward the gravity and anti-gravity directions. 
4. The seaward reverse waves produced the wave pressures that acted simultaneously on the upper and lower surfaces of the 
horizontal plate, and such pressures acted mostly as the tensile forces. 
5. The loads caused by the seaward reverse waves acted mainly on the upper plate of the dual porous horizontal plate, and the 
loads toward the gravity direction appeared much stronger between the bidirectional wave pressures. 
6. The distributions of the wave forces that acted on the upper plate showed trends similar to those of the water surface levels 
produced by the seaward reverse waves, but the wave pressures that acted on the lower plate toward the gravity direction 
appeared different from those toward the anti-gravity direction. 
7. The compression wave pressures and wave tensile pressures occurred repeatedly before and after the time, respectively, when 
the water level affected by the seaward reverse waves rises to the maximum. 
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